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LETTER OF TRANSMITTAL

To His Excelleney ALBeERT C. RITCHIE, *
Governor of Maryland and President of the Geological Survey
Commission. : :

Sir: 1 have the honor to present herewith the eleventh of the general
reports of the Maryland Geological Survey eontaining the results of exten-
sive studies of two subjeets of wide interest and great importance to the
people of the State. Part I presents the results of a very detailed restudy
of the Coals of Maryland and Part II presents the results of an exhaustive
study of the Fire Clays of the State. Iam,

Yours very respeetfully,
Epwarp BENNETT MATHEWS,
State Geologist.

Jonns Horpkins UNIVERSITY,
Bavtimore, May 31, 1922.
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PREFACE

The present report consists of two partg. The first is the result of de-
tailed field and office studics in the coal measures of Maryland and adja-
cent arcas in Pennsylvania and West Virginia during the fifteen years that
have clapsed since the Maryland Geological Survey’s report on the Coals
of Maryland, published in 1905.

Much development work and the precise methods of Dr. Swartz and
his assistants have resulted in a more comprehensive knowledge of the
region and a more exact correlation of the coal seams and the associated
sandstones, limestones, and shales. ;

The Survey is indebted to the analytical chemists, Penniman and
Browne, for the valuable analyses accompanying this part. The intel-
ligent and helpful codperation of the various mining companies is grate-
fully recorded. As in the past, the Survey has had the benefit arising from
the cobperation of the U. 8. Geological Survey.

The second part is devoted to a study of the fire clays of western Mary-
land. Thesc clays are the basis of a growing industry in the manufacture
of refractory wares which under proper stimulation supplements the de-
crease in output of the adjacent coals. The present report represents a
careful study of a large number of typical samples taken from various
parts of the field. The results of the tests on individual samples show
actual behavior during the burning and indicate the uses for which these
particular clays are especially adapted. The information secured and pre-
sented in the report adds greatly to the available knowledge of these clays.
The chapter on the technology of the fire clays by Arthur S. Watts and
that on the testing of the clays by H. G. Schurecht are by well known
authorities in the ceramic field. The introductory chapter on the origin,
distribution, and uses of clay presents a summary of recent advances in
the rapidly growing subject of clays and their properties.

The investigation and the report are the result of a codperative agree-
ment between the Maryland Geological Survey and the U. S. Bureau of
Mires.
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INTRODUCTION

BY
EDWARD B. MATHEWS

The amount of information available regarding the coal fields of Mary-
land has increased greatly during the decades since the appearance of the
report on the Physical Features of Allegany County. As the work has
progressed the State Survey has published reports on the Physical
Features of Garrett County (1902), the Coals of Maryland (1905), the
Mineral Industries (1909), and the Physical Features of Maryland
(1906). In each of these volumes the increasing knowledge of the region
has been shown by additional details or changes in correlation of the
coal seams worked at different localities. In no one previous publication
have there been modifications of the generally accepted views comparable
with those introduced in the present volume.

The changes that are now proposed represent conclusions based upon
years of detailed, pains-taking investigations carried out for the Mary-
land Survey by Dr. Swartz and his assistants. The modifications in
names and usage proposed arc duc to more correct views regarding the
manner in which the coal beds were originally formed, a more accurate
knowledge of the structurc of the region, increase in opportunities for
study resulting from the industrial development of the coal fields, and
the discovery of errors of judgment made when the geology of the region
was little known. The corrections introduced in the present report are
an evidence of increased knowledge and understanding of the geology
rather than a criticism of the judgment of earlier workers which was
based upon the facts and development then available.

One of the important influences in modifying older views of correlation
has becn a better understanding on the part of geologists of the manner
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in which the coal beds were formed. Formerly, as is even yet the case in
a popular way, coal swamps were pictured as covering thousands of square
miles over which conditions were continuously favorable for the accumu-
lation of coal material. The conditions changed abruptly over these vast
areas in a way to stop the growth of coal-producing plants and to inaugu-
rate a period of deposition of sand or mud. With equal suddenness, it
was loosely thought, a new period of luxuriant vegetation again spread
over continental areas, resulting in the formation of additional deposits
of coal. Such conceptions are the basis of the widely held belief that
individual coal seams are physically continuous over wide areas, and
that the intervals of barren mecasures between adjacent coal beds are
practically constant. This belief in turn led to the correlation of coal
beds by the intervening intervals, their characteristic thicknesses, or
physical peculiaritics. This method of correlating coal beds because they
lay a certain distance above or below some other coal thought to be the
equivalent of a well-known coal in an adjoining area was early employed
in the Georges Creek basin and led to errors in correlation and in the
interpretation of the structure of the region. These errors were long
unrecognized and false conclusions became the accepted rules of correla-
tion among the workers in the area until coals were regarded as equiva-
lents which really were at quite different horizons.

As geologists generally came to recognize that coal beds are not strictly
continuous but lenses thickening and thinning at only approximately
similar horizons it became evident that proper correlations could only be
made by adequate studies of the structure and sequence based upon
deposits, formed contemporancously over wide areas, which contained
characteristic fossils. When the facts presentéd by the rocks of the
Georges Creek basin were studied with reference to such continuous
guide-members it was found that current correlations based on intervals
were sometimes incorrect and that inconsistencies previously noted in the
region were removed when'the corrclations were based on such members
traced over wide areas. Errors many and significant have crept in
where correlations were based upon lithology and the method has been
generally criticised. It is very easy to assume the equivalence of two
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nearby ledges of sandstone and to overlook the physical continuity of
deposits ehanging their character from shale to sandstone or limestone.
Errors of this kind underlic the older correlations of the Georges Creek
coals with those of western Pennsylvania, since the gnide members such
as the Vanport or Ferruginous and Crinoidal limestones vanished or
changed in character eastward and were lost sight of and the increasing
thickness of intervening formations was overlooked.

When, however, the guide members are followed at close intervals with
appreciation of their changing lithology, thickness, and fossil content, as
has been done in the detailed work of Dr. Swartz and his assis;tants, the
errors of the method as used in general studies may be avoided.

A sccond factor influencing the correlation of coal deposits has been
our increase in knowledge of the coal fields of Maryland. This has been
due to activitics of State and Federal Surveys and the development of
local workings since the inauguration of work by the Maryland Geological
Survey. When the earlier work was done in the Maryland coal fields the
time was not ripe for especially detailed investigations. The only topo-
graphic maps available when the State Survey inaugurated its work were
the inaccurate “ half-inch ” sheets of the U. 8. Geological Survey covering
small areas in Allegany and Garrett counties. The locations of mines
and outcrops were inaccurately represented or based on faulty property
maps of different scales and it was impossible, with the material available,
to make comparative studies of the geological positions of the various
commercial coals with an accuracy sufficient to eliminate errors. The
later work of the Survey was done, however, on the present topographi«
base.

Since the inception of geologic work the Consolidation Coal Co. has
driven its Hoffman drainage tunnel two miles in length, giving a complete
section from the Pumping Shaft to near Clarysville. This, combined with
the shaft, has exposed a continuous section extending from above the
Uniontown coal to below the Barton coal, permitting exact measurements
of intervals. Other companies have made extensive explorations in the
‘Upper Potomac basin by drilling and a small amount of drilling has
becen done recently in other basins. These records have been gen-
erously placed at the disposal of the Survey. Countless observations have
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been made, dips and strikes determined, and sections carefully measured
by mining engineers and members of the State Survey, during the last
two decades through which the investigations have continued. All of these
sources of information have increased the records in possession of the
Survey. Such records by careful study and comparisons have brought
out much additional information regarding the character, position, and
correlation of coals and accompanying strata.

The +third factor in revising the correlation has been a review of the
_work of previous investigators in the light of our increased knowledge.
Some of the earlier conclusions were naturally found to be incorrect.
The errors of judgment shown have often been more apparent than real
and were the result of the manner in which work outside of the state had
been conducted. On account of the extensive work of the Second Penn-
sylvania Geological Survey and the overpowering predominance of Penn-
sylvania in the production of coal, that state has been accepted as typical
and the names applying to the several coal seams and intervening strata
as worked out by the Pennsylvania Survey have been more or less widely
adopted throughout the entire Appalachian district. With increasing
development these names were applied to wider and wider areas to indicate
that the coal seams found in these outlying districts were correlated with
the typical exposures of the Pittsburgh district. Thus many of the names
still in use in Maryland and West Virginia show their Pennsylvania
origin. As geological surveys progressed and the names were applied
more and more widely in the direction of Maryland they followed two
general lines; one trended east and south to the northern limits of the
Georges Creek basin, the other southwest and east to the southern end of
the Potomac basin. These two lines of progression and correlation
uniting at the boundary of the Georges Creck and Upper Potomac
basins where formerly there was little commercial development, each
stratigraphic sequence was accepted at its face value as correct on the
statement of men who had proved their authority by widespread careful
geological work. When the more detailed investigations of recent years
were carried out by the Maryland and West Virginia Surveys it became
apparent that somewhere during the earlier work the old assumption of
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the éontinuity of coal beds and their correlation by characteristic thick-
nesses had introduced appreciable errors in the geological horizons
assigned to the commercial coals of the Upper Potomac basin. The
“Davis ” coal of earlier reports which was correlated with the Middle
and Lower Kittanning coals of Pennsylvania is now known to occupy the
same geological position as that of the Upper Freeport of Pennsylvania.
Similar significant changes have been recognized at other localities and
in other parts of the column as may be seen by a careful reading of
this report. The fundamental basis of the changes here proposed is the
introduction of new methods of investigation by Dr. Swartz and his
associates with increased refinement of work.

The introduction of new formational names and the change in corresa-
tion of geological strata, even of coal beds, would confuse the thinking of
few but interested geologists if it were not for the pernicious practice on
the part of operators and coal merchants of using geologic terms and
geologic correlation as indications of the character and quality of their
coal. Such usage might perhaps be justified under the old conception
that individual coal beds were physically continuous and therefore prob-
ably of the same character over thousands of square miles. No questions
at that time were asked as to how such a uniformity with conditions of
catastrophic change before and after deposition of the coal could have
taken place. Now, however, the circumstances are very diffcrent. With a
knowledge of the facts that individual coals occur in lenses representing
more or less limited swamps, characterized by individual conditions of
deposition, and that given coal deposits thicken or thin and change in
character according to minor conditions present at the time of their

formation, there are no just grounds for using the geologic terms in the

trade as unqualified indicators of the character of the coal. The product
of two adjacent mines worked on beds of the same geological horizon may
differ widely in character and it is only to the interest of the poorer to
suggest that any similarity with the better deposit exists. Thus an
opcrator in the Pittsburgh or Big Vein seam, if the term were not used as
a trade term, would have only casual interest in the fact that his coal is
at the same horizon as some other coal nearby. But when, as is now the
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case, the establishment of the fact that two deposits are at the same
geologic horizon may be used by the producer as a means of selling an
inferior coal on the reputation and at the price of a high-grade coal well
known to the market, the geologic equivalency is a matter of first impor-
tance. The prevailing practice of selling coal on geologic horizons and
the designation of quality by the use of geologic terms should be stopped
since it brings benefit only to the producer of a lower-grade coal and may
occasion injury to the careful producer working high-grade deposits.
The coals from individual localities should be classified on their cleanli-
ness, heat-producing, and other characteristic qualities and not by their
geologic horizon.

It is recognized that under present conditions the introduction of new
geologic terms and the adjustment of geologic correlations must occasion
some confusion to the operators, but the price will be small if such con-
fusion produces an abandonment of geologic terms from the trade and
the establishment of a practice of marketing coals on their physical and
chemical properties.

When this is done it will be possible to make such changes in geologic
correlation as may become necessary with the advance of our knowledge
of a given region without upsetting trade practices. It is hoped, how-
ever, that the refined measurement and careful investigations represented
by the present report will have established an accuracy of correlation so
high that subsequent important changes, in the Georges Creek basin at
least, will no longer be necessary. y




DISTRIBUTION AND STRATIGRAPHY OF THE
COAL MEASURES OF MARYLAND

BY
CHARLES K. SWARTZ!

DISTRIBUTION OF THE STRATA

Coal-bearing rocks form a large part of the surface of Garrett County
and outcrop in smaller areas in Allegany County in the western part of
the State. The rocks were originally deposited in horizonal beds that
were probably continuous over this region. They were folded after their
formation into a series of subparallel arches and troughs. The summits of
the arches were subsequently eroded so that the coal deposits are now
found chiefly in the intervening basins.

The Upper Carboniferous beds lie to-day in three chief structural
troughs, an eastern, a central, and a western, the axes of which trend in a
northeast-southwesterly direction. The eastern and central troughs are
separated by the long Oakland antieline.

The eastern trough is divided by the Potomac River into two parts, a
northern and a southern. The northern part is called the Georges
Creek basin, while the southern has reccived the name of the Upper

* Professor W. A. Price, Jr., of the University of West Virginia, has studied
the marine faunas of the coal measures of Maryland, and Dr. Harvey Bassler
has investigated the coal floras. Both of these workers have aided in the
measurement and study of many sections and have been in frequent conference
with the writer. The work of Dr. Price has been invaluable and has con-
tributed largely to our knowledge of the stratigraphy of the coal measures of
Maryland. The correlations here proposed rest in no small measure upon his
studies of the faunas. Dr. Bassler’s investigation of the floras has also been of
great value. The writer wishes to express his indebtedness to these workers for
their helpful cooperation in the investigations of the stratigraphy and correla-
tion of the coal measures of Maryland. He also wishes to express his apprecia-
tion of the helpful and generous cooperation of Dr. George B. Richardson of the
U. 8. Geological Survey, upon whose work is based the interpretation of the sec-
tion in Somerset County, Pennsylvania, presented in the following discussion.
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" Potomac basin. These two divisions, however, are purely artificial and
together constitute a single structural unit. The central trough is cut
into two parts by a slight transverse arching of the strata north of Oak-
land. The part lying south of the arch is known as the Upper Youghio-
gheny basin while the northern portion is called the Castleman basin.
The western trough, in which Friendsville is situated, has been called the
Lower Youghiogheny basin. It extends into Preston County, West

Virginia, on the southwest and into Somerset County, Pennsylvania, on
the northeast.

Coal-bearing Pocono strata are found in two parallel ridges, Town Hill
and Sideling Hill, in eastern Allegany and western Washington counties.
The positions of the various coal basins are indicated on the accompany-
ing map, Plate I, Fig. 1, showing the distribution of the eoal measures of
Maryland.

STRATIGRAPHY

The coal measures of Maryland comprise two systems of rocks, the
Carboniferous below and the Permian above. These systems are further

subdivided into a number of formations whose names and relations are
indicated in the following table:

Permian
Greene formation
‘Washington formation
Carboniferous
Upper or Pennsylvanian Series
Monongahela formation
Conemaugh formation
Allegheny formation
Pottsville formation
Lower or Mississippian Series
Mauch Chunk red shale
Greenbrier limestone and shale
Pocono Group
Pinkerton sandstone*
Meyers red shale?
Hedges black shale?*
Purselane sandstone*
Rockwell shale*

1 These divisions of the Pocono are recognizable only in the eastern ex-
posures. The Pocono constitutes a single formation in the western part of the
state.
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The present chapter gives a brief diseussion of the sequence and
characteristics of the more persistent units recognizable in the coal
measures of Maryland. A subsequent chapter will be devoted to the
consideration of the special features observed in the various coal basins.
The strata will be diseussed in aseending order.

CARBONIFEROUS SYSTEM

The rocks constituting the Carboniferous of Maryland are divisible into
two series of formations—the Lower Carboniferous or Mississippian series
and the Upper Carboniferous or Pennsylvanian series. The strata of the
lower division are ehiefly marine and contain but little eoal. Those
forming the upper series were deposited chiefly upon the land and inelude
the important coal deposits of the eastern United States. These divisions
differ not only in the character of the rocks and the conditions under
which they were accumulated, but are also separated over wide areas by a
pronounced unconformity. The latter feature shows that a considerable
period of time elapsed between the deposition of the lower and upper
series during which there was widesprcad emergence of the continent
and prolonged erosion of the land.

The facts cited above, coupled with the considerable thickness of the
beds have led many students, including the writer, to consider thcse
divisions to be independent systems. To the lower the name Mississippian
has been applied from the exeellent exposures of its strata in the bluffs
along the Mississippi River. The upper division has received the name
Pennsylvanian from the State of Pennsylvania where its beds were early
studied and where they contain important deposits of coal.

LOWER CARBONIFEROUS—MISSISSIPPTAN SERIES

No coal is found in the Mississippian rocks of the western part of Mary-
land. The Pocono strata constitute a single division in the western
exposures. They thicken greatly eastward and are divisible in eastern
Allegany and western Washington counties into five formations, the
Rockwell shale, Purselane sandstone, Hedges shale, Meyers red shale, .
and Pinkerton sandstone, all of which, except the Meyers red shale,
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contain thin seams of coal. These deposits in Maryland do not promise
to have commercial value at the present time and are not further dis-
cussed in the present report.

UPPER CARBONIFERQOUS—PENNSYLVANIAN SERIES

The Pennsylvanian strata contain the valuable coal deposits of Mary-
land. They comprise four formations, which will be discussed in the
order of their deposition.

Pottsville Formation

CHaracTER AND THIokNESS.—The Pottsville formation was named
from Pottsville, Pennsylvania, where its strata are well exposed. It con-
sists of interbedded sandstones and shales. Some of the beds of sandstone
are gray, coarse-grained and locally conglomeratic. Such strata are very
resistant to weathering, so that the beds of this formation tend to form
rugged mountains upon or near the crest of which the more resistant
rocks outcrop in bold ledges. The coal seams of the Pottsville of Mary-
land are few in number, restricted in extent, variable in character and at
most places possess little or no commercial value. The Pottsville forma-
tion of Maryland varies in thickness from 150 to 280 fect, its usual thick-
ness being little over 200 feet.

Porrsvirie-MavcH CHUNK Bounpary.—The Pottsville overlies the
Mauch Chunk formation unconformably. This relation is shown more
clearly in adjoining states where the Mauch Chunk formation is much
thinner and where the Pottsville formation may lie, at neighboring points,
in contact with the Mauch Chunk, Greenbrier, or even the Pocono forma-
tion. The existence of an unconformity at this horizon in Maryland is
best seen in the variations in the thickness of the Pottsville, duc to the

1 The base of the Pottsville formation was drawn by O’Harra in his report
upon the geology of Allegany County (Md. Geol. Survey, Allegany County, 1900,
pp. 112, 113) above a limestone conglomerate found, at many localities, at the
bottom of a very massive ledge of sandstone. This horizon is in the Mauch
Chunk formation as is shown by the occurrence of a thick bed of red shale
above it. The latter may be seen in the cut of the Western Maryland Railway
at Barrelville and at many other localities.
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presence or absenee of some of its lower beds whieh were manifestly
deposited upon an irregular land surface.

MEenMBERS.—Because of their great commercial importance, the coal-
bearing strata of the Appalachian provinee have been divided into a much
larger number of units than are usually recognized in rocks that have
less economic value. These divisions are known over wide areas and have
received names from localities where they are well exposed. The strati-
graphie scquence of the members of the Pottsville formation of Maryland
is shown in the following table:

Top

Homewood sandstone
Upper Mercer shale and fauna
Upper MefFcer coal
Lower Mercer coal
Upper Connoquenessing sandstone
Quakertown shale and fauna
Quakertown coal
Lower Connoquenessing sandstone
Sharon shale and fauna
Sharon coal
Sharon sandstone

Bottom

The characteristics of the various members are summarized in the
following paragraphs:

Sharon Sandstone.—A sandstone is reported beneath the Sharon coal
in a drill well near Grantsville which may be the Sharon sandstone.

Sharon Coal.—A thin seam of coal is found at a number of points at
or necar the base of the Pottsville formation. This bed is subjeet to great
changes and may thin or disappear within short distances. It contains
much bone and ash and docs not promise to be of eommereial importance.
1t attains a thickness of 20 inches in the cut of the Western Maryland
Railway east of Westernport where it is well exposed. This coal may be
correlated tentatively with the Sharon coal of Pennsylvania.

Sharon Shale and Fauna.—The Sharon eoal is overlain by shale in
which a number of speeimens of Lingula carbonaria were found in the
scction on the Western Maryland Railway # mile east of Westernport.
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This deposit is here named the Sharon shale and its contained fauna the
Sharon fauna.

Lower Connoguenessing Sandstone.—A thick bed of sandstone is usually
found at or near the base of the Pottsville formation. At many places it
is rather soft, somewhat argillaceous, micaceous, and is transitional to the
sandstones of the underlying Mauch Chunk. Locally, it may be white,
coarse-grained, and even conglomeratic. When found in the latter phase
it is very resistant to weathering and outcrops in heavy ledges. Its
thickness is very variable. At some places it attains a thickness of 20 to
30 feet, while at neighboring points it may be replaced by shale. It

- appears to occupy the position of the Lower Connoquenessing sandstone
of Pennsylvania. -

Quakertown Coal—A thin and commercially unimportant scam of
coal is found above the Lower Connoquenessing sandstone at a few
localities. It generally consists largcly of bone and is then without com-
mercial value. It is 8 inches thick in the cut of the Western Maryland
Railway cast of Westernport. Like the other coals of the Pottsville
formation of Maryland, it is very lenticular and may vanish within a
few feet. It appears to occupy the position of the Quakertown coal of
western Pennsylvania.

Quakertown Shale and Fauna.—The Quakertown coal is overlain by
black shales in which a meager fauna was found in the section on the
Western Maryland Railway £ mile east of Westernport. The species are
probably brackish-water forms among which specimens of Lingula car-
bonaria are most common. It is interesting to note that fossil shells arc
reported at the same horizon in a drill hole in Mineral County, West
Virginia. A Lingula fauna is reported by Reger and Teets in a dark
shale, named by them the Quakertown Black shale, which appears to
occupy the same horizon in Barbour and Randolph counties, West
Virginia.

Upper Connoguenessing Sandstone.—The interval above the Quaker-
town shale is occupied by lenticular beds of sandstone and shale. At some

1Rept. on the Geology of Barbour and Upshur counties and the western
portion of Randolph County, West Virginia Geol. Survey, 1918, p. 273.
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Fi6. 1.—MAP SHOWING LOCATION OF COAL BASINS OF MARYLAND,

F1G6. 2.—VIEW OF CONNOQUENESSING SANDSTONE, SWALLOW FALLS, GARRETT COUNTY.
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localities the sandstone is massive and forms thick ledges which may
unite with the Lower Connoquenessing sandstone to make bold cliffs.

Lower Mercer Coal.—Two thin seams of coal are found 100 to 140 feet
above the base of the Pottsville formation. The lower of these coals is
gencrally thin, bony, without value, and is often absent. It varies in
thickness from a few inches to 15 inches at most places. It is a valuable
coal in the Upper Youghiogheny basin, 24 miles northwest of Oakland,
where it is 30 inches thick and is mined for local use. It was formerly
called the Sharon coal at that locality. It may be corrclated tentatively
with the Lower Mercer coal of Mercer County, Pennsylvania.

Upper Mercer Coal.—This coal occurs from 10 to 30 feet above the
Lower Mercer coal. It is very irregular in quality and thickness and
is absent at many localities. It is without commercial value at most
localities. Its thickness varies from a few inches to about 30 inches.

Upper Mercer Shale and Fauna.—A few species of shells, which prob-
ably inhabited brackish water, have been found in the shale immediately
overlying the Upper Mercer coal in the section at the head of Warrior
Run, cist of Dans Mountain, and at Gladdens Run, Pennsylvania. They
may represent the fauna of the Upper Mercer limestone of Pennsylvania.

Homewood Sandstone.—A very massive sandstone is found at the top
of the Pottsville formation to which the name Homewood sandstone has
been applied from its exposure at Homewood, Pennsylvania. Its char-
acter varies greatly from place to place. On Dans Mountain it is usually
rather fine grained, while on Big Savage Mountain it is a very coarse,
conglomeratic, and forms bold and conspicuous ledges of great thickness.
The latter phase is well exposed at Sampsons Rock, west of Mount Savage.
It is replaced locally by beds of shale. This sandstone is usually a con-
spicuous topographic feature throughout the region under discussion.
It attains a thickness of 50 to 70 feet.

Allegheny Formation

CHARACTER AND THICKNESs.—The Allegheny formation consists of
interbedded shale and sandstone and contains a number of coal seams,
some of which have large commercial value. Its strata are, on the whole,
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more shaly than those of the underlying Pottsville and overlying Cone-
maugh formations and hence tend to disintegrate more ieadily upon
exposure to the weather, though these features are not constant. The
lower part of the Allegheny formation, comprising the beds lying beneath
the Hardman (* Furnace ) fire-clay, contains at many places massive
sandstones, often crossbedded, that closely resemble those of the under-
lying Pottsville, while at a few localities nearly the entiré formation is
made of sandstone. The formation could fittingly be divided into two
parts in Maryland, the lower characterized by massive, often crossbedded
-sandstones, the upper by more argillaceous sediments.

The formation receives its name from the Allegheny River along whose
banks its strata are finely exposed, particularly in the vieinity of Freeport
and Kittanning, Armstrong County, Pennsylvania. It was formerly
called the Lower Productive Coal Measures. The thickness varies from
250 to 275 feet, its usual thickness being about 260 feet.

A1LEGHENY-PorTsVILLE .BoUNDARY.—It has been thought that the
Pottsville sandstones differ from those of the Allegheny formation in
being coarser grained, harder, whiter, more compact, and much more
resistant to weathering. The lower beds of the Allegheny formation of
Maryland, however, consist, at many places, of sandstones which so closely
resemble those of the underlying Pottsville that they cannot be separated
from the latter lithologically. Indeed, at some localities the basal sand-
stones of the Allegheny formation are more massive and more resistant
to weathering than those of the Pottsville formation. The discrimina-
tion of the formations is hence artificial rather than natural in Maryland,
its chief value being for purposes of correlation. These facts, coupled
with the inconstant character of the strata have led various workers to
draw the Allegheny-Pottsville boundary in Maryland at different horizons
in the past.

In the chapter on correlation it is shown that the Mount Savage coals
are probably of Allegheny age, so that the Pottsville-Allegheny boundary -
is placed, in the present work, at the top of the massive sandstone lying
beneath the Mount Savage coals.
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MemBERs.—The stratigraphic sequence of the members of the Alle-
gheny formation of Maryland is shown in the following table:

Top
Davls rlder coal—Upper Freeport rlder coal
Davls coal—Upper Freeport coal
Bolivar clay
Upper Freeport limestone
Upper Freeport sandstone
Barrelville coal--Lower Freeport coal (“ Parker coal”)
Lower Freeport limestone
Montell sandstone
Montell rider coal
Montell coal—Upper Kittanning coal (“ Bluebaugh coal **)
Lilttle Montell coal
Mount Savage iron ore—Johnstown iron ore
Hardman fire-clay (“ Furnace clay *’)
Plney Mountaln coal
Westernport sandstone
Luke coal—Middle Klttanning coal
Luke clay—MIlddle Klttannlng clay
Ellerslle sandstone
Ellerslle coal—Lower Klttanning coal
Ellerslie fire-clay—Lower Klttannlng fire-clay
Mount Savage sandstone—Kittannlng sandstone—Clarlon sandstone
Mount Savage rider coal—Scrubgrass coal ?
Upper Mount Savage coal—Clarion coal ?
Mount Savage fire-clay—Clarion fire-clay ?
Lower Mount Savage coal—Brookvllle coal ?

Bottom

The characteristics of these members are summarized in the following
paragraphs:

Lower Mount Savage Coal.—Immediately overlying the Homewood
sandstone is a bed of coal, which is subject to great variation in character
and thickness. When present it is poor in quality and contains much
shale and bone, so that it does not promise to have commercial value at
most places. Its thickness varies from a few inches to 4 feet. This bed

occupies the position of the Brookville coal which occurs at the base of

the Allegany formation of western Pennsylvania. It receives its name
from Mount Savage in the Georges Creek Valley.

* The Brookvllle coal appears to be the same as the bed named the Craigs-
ville coal by Butts In hls report on the Kittanning-Rural Valley area (Bull.
No. 279, U. S. Geol. Survey, 1906, p. 32).

3
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Mount Savage Fire-Clay.—A valuable and important bed of fire-clay,
which has long been worked on Big Savage Mountain in the Georges
Creck basin, occurs between the Lower and Upper Mount Savage coals.
It consists of both plastic and flint fire-clay. The former is soft and
easily molded, while the latter is hard, lustrous and breaks with a con-
choidal fracture. The flint clay occurs in lenses and irregular masses in
the soft clay which it entirely replaces at some points. The Mount Savage
clay attains a thickness of 5 to 12 feet in the Georges Creeck Valley where
it forms the basis of a large and flourishing industry.

Upper Mount Savage Coal.—Overlying the Mount Savage clay is a
thick bed of coal which has long been known as the Upper Mount Savage
coal because of its occurrence in association with the fire-clay in the
mines at Mount Savage. The seam of coal is multiple-bedded, having a
number of partings which vary greatly in thickness and which may in-
crease in size until the deposit is split up into different seams. The coal
contains a high percentage of ash and a considerable amount of sulphur
so that it is not usually mined as a source of fuel although it has con-
siderable fucl value. The following arc typical sections of the coal:

Section of Upper Mount Savage coal in Mine No. 6, Union
Mining Company, near Mount Savage.
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Scetion of Upper Mount Savage coal in mine of Andrew
Ramsay near Ellerslie, Pennsylvania.

Roof shale. Inches
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Analyses of these coals are given in the table of analyses, numbers
R9 and 32. The thickness of the seam varies greatly. On Big Savage
Mountain, where it has its maximum development, it is 2 to 5 fect thick.
The clays associated with this coal contain a profuse flora which indieates
that the coal is probably of Allegheny age, occupying the position of the
Clarion coal of western Pennsylvania.’

Upper Mount Savage Rider Coal.—The Mount Savage coal is overlain,,
at places, by a bed of fire-clay above which a thin seam of coal may,
occur. This bed appears to be a split from the main body of coal. It
occupies the position of a similar bed known in western Pennsylvania as
the Upper Clarion or Scrubgrass coal.

Mount Savage Sandstone.—A persistent and very massive bed of sand~
stone oceurs above the Mount Savage coal which, when characteristically
developed, is white, hard, and locally conglomeratic. It may contain
numecrous hackle teeth, formed by carbonaceous films, which, when well
developed, give a singular pitted appearance to the broken slabs of rock.
It contains numerous impressions of fossil foliage and stems, especially
Sigillaria. This bed forms bold and conspicuous cliffs on Dans Mountain
and in the vicinity of Swallow Falls on the Youghiogheny River, where
its eonglomeratic phase is well developed. When it presents this phase it
so closely resembles Pottsville sediments that it has usually been assumed
to be of Pottsville age. .

This member has frequently been called the Upper Connoquenessing:
sandstone. On Big Savage Mountain it has been called the Homewood
sandstone. It occupies the position of the Kittanning sandstonc of
western Pennsylvania.

1This flora will be described by Harvey Bassler in the Maryland Geological
Survey Monograph of the Carboniferous.
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Ellerslie Fire-Clay—Lower Kittanning Fire-Clay.—A bed of fire-clay
is found above the Mount Savage sandstone at many localities. It is well
shown in the fire-clay mines on the summit of Little Allegheny Mountain,
west of Ellerslie, Pennsylvania, where it has a thickness of 8 to 9 fect and
. has been mined commercially, being the upper of the two seams of clay
worked at that locality. The same scam is found in the mines near Mount
Savage where it lies above the Mount Savage sandstone, although it has
not been worked there. It appcars to be the clay worked in the mines of
the Maryland Coal Company near Lonaconing, where it is of good quality.
It is also exposed at a small coal prospect at Swallow Falls. This clay
appears to be a persistent bed and oecupies the position of an important
fire-clay worked in eastern Ohio and western Pennsylvania.

Ellerslie Coal—Lower Kittanning Coal.—This coal occurs 75 to 100
feet above the base of the Allegheny formation. It is very. persistent,
though subject to considerable variation in thickmess. It is usually
multiple-bedded, containing several partings which split it into a variable
number of subdivisions. It may consist of two beds, the lower of which
attains a thickness of 3 feet at the clay mine of Andrew Ramsay, west of
Ellerslie, where it exhibits the following section:

Section of Ellerslie Fire Clay in Ramsay Mine, West of Ellerslie,

Pennsylvania

Sandstone or shale roof. Inches
(GO oot i, PSRRI RRE. | 8= 510 & 08 o o 3 14
LTE, @57 5 5o 5008 GRIBBEANEINEREIBI B &0l 0 0'6.0.0 £.0 0.0 0 (60,0 0 51
CETIN P80 F I ol 0 0. B0 PRI A SSI  #80 0 o blo 6 0 0 0.0 108004 15%
SIOED 56 0 oG il o R SRR AN My, o %553 6 0 0 0 0 0B © 5
(G T B OO G TIPS B8l ol 58 0 § 00 G0 © 16
Floor shale.

1021 16006 o OO PR S A B85% d o 8910 0 o ololo 0.8 albbo' 10114

.This bed displays the following section at the mine of John Sines,
8 miles north of Oakland :

Shale roof. Inches
BT S A RS VRIS I - .0 "0 o 0 06 G o &8 0 & 1%
(Clell™ o o a8 Fo Ao oPIRC TR S -, & 556 0 o 0 0.0 0 6 0 ol8l0lo o 15
Shale floor.

Iotale s e S R e | P e 1614




MARYLAND GEOLOGICAL SURVEY 47

Analyses of these coals are given in the table of analyses, numbers 30
and 52. The same seam has been prospec'ted at Swallow Falls and near
Friendsville in the Lower Youghiogheny basin. The character of the
seam varies greatly in short distances. It eontains much bone and ash
so that it does not promise to be of commercial importance in spite of its
considerable thickness. It has been identified in the past with various
coals ranging from the Quakertown to the Montell (Bluchaugh) coal.
It is not the Davis seam which has commonly been ealled the Lower
Kittauning in Maryland, but lies about 190 feet below the latter. It
oceupics the position of the Lower Kittanning coal of western Penn-
sylvania.

Iilierslie Sandstone.—A sandstone is found locally over the Ellerslie
coal to which the name Ellerslie sandstone is here applied because of its
position.

Luke Clay—DMiddle Kittanning Clay.—An impure bed of clay overlies
the Lower Kittanning coal at various localities. It is very lenticular in
character and appears to be inferior in quality so that it does not promise
to be of commercial value. It is exposed in the cut of the Baltimore and
Ohio Railroad opposite Luke from which locality it may be called the
Luke clay. This elay occupies the position of a fire-clay found at some
localities beneath the Middle Kittanning coal in western Penhsylvania.

Luke Coal—Middle Kittanning Coal.—An irregular seam of coal ovei-
lies the clay last-mentioned. It is inconstant in character and is usually
broken up into several divisions by partings which vary greatly in thick-
ness within short distance. The coal attains a thickness of 2 feet, but
is poor in quality and without present commercial value. This bed is
the upper of two seams of coal exposed along the tracks of the Baltimore
and Ohio Railroad opposite Luke, from which locality it reccives its
name. At places the interval separating this coal from the Ellerslie coal
is so small that they might be viewed as one seam. Its position corre:
sponds to that of the Middle Kittanning coal of western Pennsylvania.

Westernport Sandstone.—A thick and very massive sandstone is found
above the Luke eoal. It is gray, coarse-grained, and cross-bedded at many
places, being similar in its lithological character to the sandstones of the
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Pottsville formation. Interbedded with the sandstone are layers and
lenses of shale. This sandstone is subject to great changes in thickness
and lithologiecal eharacter from place to place. It forms bold eliffs
along the Potomac west of Westernport, Maryland, where it attains a
thickness of 40 feet. It receives its name from this locality.

Piney Mountain Coal.—A seam of coal is found at a number of localities
in the northern part of the Georges Creek Valley and in the Upper
Potomac and Castleman basins 20 to 50 feet beneath the Montell (“ Blue-
baugh ?) coal. It is chiefly known in drill holes in some of which it is
reported to consist of two or three thin benches separated by thick shale
partings, the whole being 5 to 15 feet thick. It is inconstant and has not
been worked. It is exposed as a smut in the cut of the Western Maryland
Railway through the north end of Piney Mountain, cast of Barrelville,
from which loeality it is named. '

The Piney Mountain coal is overlain locally by a thick sandstone to
which no name has been given.

Hardman Fire-Clay— (“ Furnace Clay ) —A valuable bed of fire-
cclay is found 125 to 150 feet above the base of the Allegheny formation
in the Georges Creck Valley. It has been called the “ Furnace clay ” at
the mines of the Union Mining Company, west of Mount Savage, where
it is associated with the Mount Savage iron ore, and attains a thickness
of 5 to 15 feet. This clay consists of both plastic and flint clay. It is not
as pure as the Mount Savage clay, worked in the same region, although
it has a very high fusion point. It appears to be replaced by a fusible
plastic clay in the vicinity of Westernport, where it has been burned
experimentally into tile, for the manufacture of which it seems well
adapted.

. Mount Savage Iron Ore.—A considerable body of limonite (“brown
hematite ”) is found above the Hardman fire-clay at Mount Savage,
where it was formerly worked as a source of iron. The ore was found in
a tunnel, known as the “ore tunnel,” or Tunnel No. 1, of the Union
Mining Company, situated near the bottom of the incline leading to the
fire-clay mines of that company. The tunnel was opened in 1846 and

3 Singewald, J. T., Jr., Md. Geol. Survey, Vol. IX, Rept. on the Iron Ores, 1911,
p. 244.
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the iron orc was smelted at a furnace located at Mount Savage. It is
intercsting to note that the iron produced at Mount Savage was used in
making iron rails for the Baltimore and Ohio Railroad Company where
the first iron rails used in the United States were made. This deposit
appears to be the same as the ore worked at Johnstown, Pennsylvania,
from which place it has been named the Johnstown iron ore.

Little Montell Coal.—A thin coal or carbonaceous clay is found in drill
holes and in the fire-clay tunncls west of the Union Mining Company of
Mount Savage, immediately above the Mount Savage iron ore. It is here
named the Little Montell coal from its position beneath the Montell coal.

Montell Coal—Upper Kittanning Coal (“ Bluebaugh coal,” Western-
port coal, Brookville coal of earlier reports).—This important seam of coal
is found 160 to 180 feet above the base of the Allegheny formation. It has
its most important development in the Georges Creek Valley where it
attains a thickness of 4 to 5 feet and is mined at a number of localities.
It is multiple bedded at many places in this area, being split into two
parts by a thick parting near the top. Itis also mined at several places in
the Upper Youghiogheny basin, although it is less valuable there. Sec-
tions of the coal are given on pages 191, 207, 211, 212, 219, 228, 277,
?79. The following section is seen in the mine formerly operated by
W. T. Sines, 63 miles northwest of Oakland near Swallow Falls in the
Upper Youghiogheny basin :
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Analyses of this coal are given in the table of analyses numbers 11,
17, 19, 23, 31, and 53.

This coal has been called the Bluebaugh coal and also the “ Brookville ”
coal in the Georges Creek Valley where it has commonly been believed to
be at the base of the Allegheny formation. It is also probably the same as
the Westernport coal, known locally as the “ Two-foot” coal in the
vicinity of Westernport. It occupies the position of the coal called the
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Upper Kittanning at Kittanning and the Lower Freeport at Freeport,
Pennsylvania. (See discussion on page 105.) ‘ :

Montell Rider Coal.—A thin and unimportant coal is found at several
places in the Georges Creek Valley, about 15 feet above the Montell coal,
which is herc called the Montell rider coal.

Montell Sandstone.—A thick bed of sandstone which is persistent over
large areas and frequently forms cliffs is found above the Montell coal
(“ Bluebaugh coal ). It is finer grained and more argillaceous than
the lower sandstdnes of the Allegheny formation are at most localities
though it is conglomeratic west of Piedmont, W. Va. It attains a thick-
ness of nearly 50 feet. Its conglomeratic phase is well exposed on the
Baltimore and Ohio Railroad east of Bond Station. It is named the
Montell sandstone from its position above the Montcll coal.

Lower Freeport Limestone.—Limestone is found as a thin bed or in
limestone nodules at a few localities beneath the Montell coal in the
Upper Youghiogheny basin, in the position of the Lower Freeport lime-
stone of western Pennsylvania. '

Barrelville Coal—Lower Freeport Coal (“ Parker” Coal,  Clarion ”
Coal of Earlier Reports).—A valuable seam of coal is found 30 to 40 feet
above the Montell coal (“ Bluebaugh ” coal) and approximately 50 feet
below the Davis or Upper Freeport coal. It is usually called the Clarion
or Parker coal in the Georges Creek Valley where it frequently forms
two divisions, separated by a thick parting. It is generally worth less in
this basin than the Davis and Montell seams, but furnishes coal of
unusual exccllence and purity in the vicinity of Barrelville. This coal
attains a thickness of 4 feet in the Upper Youghiogheny basin where it
is mined at a number of points. Its structure is displayed in the section
given on pagc 191 and its analysis in the table of analyses, numbers 12,
48, and 51. This bed occupies the position of the Lower Freeport coal
of western Pennsylvania.

Upper Freeport Sandstone.—A sandstone is found in the interval
between the Barrelville and Davis coals which occupies the position of
the Upper Freeport sandstone of western Pennsylvania. It is very
massive and forms bold cliffs at some localities, a feature well seen along
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the Savage River west of Piedmont where it occupies nearly the entire
interval between the Barrelville (Lower Freeport) and the Davis (Upper
Freeport) coals.

Upper Freeport Limestone.—Limestone has not been observed beneath
the Davis coal in the Georges Creek Valley. It forms a thick ledge
beneath the Davis coal at several localities in the Castleman and Upper
Youghiogheny basins. This bed occupies the position of the Upper Free-
port limestone of western Pennsylvania.

Bolivar Clay.—The Davis or Upper Freeport coal is underlain locally
by an impure fire-clay. This clay is irregularly distributed, being absent
at many places while at others it attains a considerable thickness. It
appears to be without commercial value. It occupies the position of the
Bolivar fire-clay of western Pennsylvania and castern Ohio.

* Davis Coal—Upper Freeport Coal (Grantsville Coal, Beachy Coal),
“ Split-Siz > Coal, Corinth Coal, Lower Kittanning Coal of Earlier
Reports.—This is one of the most valuable coal seams of Maryland and
is persistent over wide areas. It has long been worked in the vicinity
of Davis, West Virginia, from which locality it is known as the Davis
coal. The scam is characteristically divided into two parts by a clay or
rock parting which varies in thickness from a few inches to several feet.
This coal attains its greatest importance in the Upper Potomac basin’
where it is cxtensively worked. The upper bench is of superior value in
this basin, but the lower bench is commonly impure in the Upper Potomac
basin, where it contains numerous binders, so that it is not mined at many
places. It displays the same features in the Upper Youghiogheny basin
where it is known as the Corinth coal. It is less valuable at Piedmont
where it is called the “'Split-six ” coal. It is thinner in the northern part
of the Georges Creck basin where it is less generally worked, though it
attains a thickness of 6 fect locally and bears the clay binder so character-
1stic of the seam. This is a valuable coal in the Castleman basin where it
is known as the Grantsville or Beachey scam. Sections of this coal are
given on pages 219-286. Analyses are given in the table of analyses, nuin-

bers 24, 25, 35, 36, 38, 40, 43, 49, 55, and 56. The following section of this

coal is scen in the mine of the Wills Coal Company, 4 mile south of
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Corinth, West Virginia, a short distance west of the Maryland-West
" Virginia state line:
Section of Davis Coal Y% M. 8. Corinth, W. Va.
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For analyses see table of analyses, numbers 1, 33, 34, 39, 47, 50, 54.

The Davis seam has been called the Lower and Middle Kittanning coal
in the former publications of the Maryland Geological Survey, and has
long been known by that name by coal operators. It will be shown, how-
ever, in the chapter upon the correlation of the coals, that the horizon of
the Davis seam is far above that of the Lower and Middle Kittanning
coals of western Pennsylvania and that it occupies the position of the
Upper Freeport coal of that region.'

Davis Rider Coal—Upper Freeport Rider Coal.—This is a thin split
scparated from the main Davis coal by a shale parting in the Castleman
and Lower Youghiogheny basins. The interval between the seams varies
from 20 feet to a few inches or the rider may unite with the main seam,
the thickness of the shale parting being subject to great variation within
short distances. The thickness of this coal is usually not over 12 inches.

The relations of the Piedmont coal are such as to suggest that it is
merely a thicker representative of this seam separated from the Davis coal
by a somewhat greater interval. According to this view the Davis rider
coal would belong to the Conemaugh formation to which it is referred in
the section in the Castleman and Liower Youghiogheny basins.

CoNEMAUGH FORMATION

CHARACTER AND THickNESS.—The Conemaugh formation of Mary-
land consists of interbedded shales and sandstones and contains a number
of seams of coal. The formation is further characterized by the presence
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of red beds, a feature which distinguishes it * from the underlying Alle-
gheny formation. Tle red beds thin eastward being inconspicuous in
the Georges Creek Valley, but increase in thickness westward, until they
form a considerable part of the section in West Virginia and Ohio.
Coincident with the inerease in the volume of red deposit is a diminution
in the quantity of coal so that the strata become increasingly barren west-
ward and productive eastward.

The most important key roeks of the Conemaugh formation arc beds
of marine limestone and their associated shales, which bear remains of
marine organisms. Thesc strata have been traced over wide areas and
furnish the most valuable known means of correlating the coal beds of
this formation. The most important of these beds are the .Ames or
crinoidal limestone and the Brush Creek limestone, both of which have
been traced with little interruption from southern Ohio through West
Virginia into the Georges Creek basin. The formation also contains
several less persistent beds of non-marine limestone. The coal beds tend
to be more lenticular and variable in character than those of the Allegheny
and Monongahela formations and many are merely local developments.

The Conemaugh formation receives its name from the Conemaugh
River of western Pennsylvania where it is well exposed. It contains but
little commereial coal in that region and hence was early called the Lower
Barren Coal Measures. Numerous eoal beds are, however, present in it
in Maryland, so that it cannot justly be termed barren measures here.
The thickness of the Conemaugh formation is known in Maryland only in
the Georges Creek, Upper Potomac and Castleman basins, where it varies
from about 825 feet to a little over 900 fect.

CoNEMAUGII-ALLEGHENY BouNDARY.—The base of the Conemaugh
formation is placed at the top of the Davis (Upper Freeport) seam. This
horizon is usually well defined topographieally by the heavy Mahoning
sandstone that overlies the latter coal. It is also the base of the strata
eontaining red beds.

11. C. White has called attention to the importance of these red beds as a
diagnostic feature of the Conemaugh formation. W. Va. Geol. Survey, vol. i,
1903, pp. 225-227; vol. iiA, 1908, pp. 622, 624; and Rept. on Braxton and Clay
counties, 1917, pp. 822-829.



54 STRATIGRAPHY OF THE COAL MEASURES OF MARYLAND

MenmBErs.—The stratigraphic sequence of the members of the Cone-
maugh formation of Maryland is shown in the following table:

. Top"
Morantown coal
Upper Pittsburgh limestcne
Lower Pittsburgh sandstone
Little Pittsburgh coal
Lower Pittsburgh limestone
Second Little Pittsburgh coal
Connellsville sandstone
Third Little Pittsburgh coal (Franklin rider coal)
Franklin coal
Lonaconing sandstone
Lonaconing coal (upper bench)
Lonaconing coal (lower bench)
Hoffman sandstone
Upper Hoffman coal
Middle Hoffman coal
Hoffman limestone
Lower Hoffman coal
Clarysville sandstone
Upper Clarysville coal
Clarksburg limestone (upper bench)
Clarksburg red shale (upper bench)
Niverton shale and fauna
Lower Clarysville coal
Clarksburg limestone (lower bench)
Clarksburg red shale (lower bench)
Morgantown sandstone
Wellersburg rider coal
Wellersburg coal (“Twin” coal)
Wellersburg limestone
Barton red shale
Barton sandstone
Barton rider coal
Barton coal (‘““ Four-foot’ coal)
Upper Grafton sandstone
Federal Hill coal
Birmingham red shale
Lower Grafton sandstone
Ames limestone and shale
Harlem coal
Ewing limestone
Pittsburgh red shale
Unnamed coal
Saltsburg sandstone
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Upper Bakerstown coal—Maynadier coal
Albright limestone
Cambridge red shale
Cambridge black shale and fauna—Friendsville shale and fauna
Thomas sandstone
Lower Bakerstown coal—Thomas coal (upper bench)
Lower Bakerstown coal—Thomas coal (lower bench)
Thomas limestone
Meyersdale red shale (upper bench)
Meyersdale limestone and fauna
Meyersdale red shale (lower bench)
Buffalo sandstone
Brush Creek rider coal
Brush Creek limestone, shale and fauna
Brush Creek coal
Irondale limestone
Corinth sandstone
Thornton clay .
Mahoning red shale (upper bench)
Gallitzin coal
Mahoning red shale (lower bench)
Mahoning limestone N
Upper Mahoning sandstone
Piedmont coal (“ Six-foot ”’ coal)
Lower Mahoning sandstone.
Bottom

The characteristics of these members are summarized in the following
paragraphs:

Lower Mahoning Sandstone.—The Davis (Upper Freeport) coal is
overlain at many localities by a few feet of dark arenaceous shale above
which is a persistent sandstone known as the Lower Mahoning sandstone.

This sandstone is gencrally somewhat argillaccous and often contains a

large amount of mica. At some places it is coarse and hard. More rarely
the interval is formed of shale with subordinate amounts of sandstone, as
at Picdmont, West Virginia. This bed lies in the midst of rather soft
strata and hence tends to weather into a well-defined ledge or cliff which
forms a marked topographic feature in the region.

Piedmont Coal (Siz-Foot Coal)—Lower Kittanning Coal of Earlier
Reports.—This seam is found about 40 feet above the Davis (Upper Free-
port) coal. It is subject to rapid changes in thickness. It is generally
thin and unimportant and is cut out at many places. In the vicinity of
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Piedmont, however, where it is known as the “ six-foot ” coal, it is mined
extensively and attains a thickness of approximately 6 feet. It is also a
valuable. coal locally in the Upper Youghiogheny basin. It displays the
following section in the Devon mine of the West Virginia Pulp and
Paper Company at Luke.

Section of Piedmont Coal Seam, Devon Mine, Luke, Md.
Shale roof.

Inches
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Its thickness and structure are further shown in the sections given on
pages 160, 235, 248, 256, 276, 279, 280. Its composition is given in the
table of analyses, numbers 1, 33, 34, 39, 47, 50, 54.

Although this coal has usually been considered to be the same bed as
the Davis coal, it is distinct from the latter. The name Piedmont coal
is suggested from its occurrence at Piedmont, West Virginia. The rela-
tion of this scam to the Davis coal is peculiar. Where the Piedmont coal
is good the Davis scam is poor and they are separated by a shale interval.
Where the Davis seam is good the Piedmont coal is poor or lacking, while
the Davis seam may be overlain by sandstone. Attention has alrcady been
called to a rider above the Davis coal. It is possible that the Piedmont
seam is this rider being a split from the more valuable upper bench of the
Davis coal or even represents the latter bench. The relations northwest
of Oakland in the Upper Youghiogheny basin are instructive. Here the
coal at the horizon of the Davis seam, though thick, is valueless, while the
coal 25 feet above it is pure and valuable.

Upper Mahoning Sandstone.—A thick bed of sandstone lies above the
Piedmont coal to which the name Upper Mahoning sandstonc is herc
applied. It is similar to the Lower Mahoning sandstone and, in the
absence of the Piedmont coal, coalesces with the underlying sandstone to
form a single unit.
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Mahoning Limestone.—A limestone has been observed at a few locali-
ties above the Upper Mahoning sandstone to which the name Mahoning
limestone is herc applied. It occurs in nodules or may form a thin bed.

Mahoning Red Shale.—A bed of red shale has been observed at several
localities in the Upper Potomac basin beneath the Brush Creek coal, for
which the name Mahoning red shale is here proposed. Red shale appears
at this horizon in the Conemaugh formation at widely separated points,
having becn obscrved in the well at Glenova, West Virginia®; in various
wells in the vicinity of Pittsburgh, Pennsylvania, and more recently by
Dr. Harvey Bassler and the writer at Freeport, Pennsylvania. This bed
may be divided into two benches between which the Gallitzin coal may lie.

Gallitzin Coal.—A thin bed of coal is found about 40 feet above the
Piedmont coal in the Upper Youghiogheny basin. This appears to
occupy the position of the Gallitzin coal of Pennsylvania. It attains a
thickness of 18 inches and is without commercial value.

Thornton Clay.—The Mahoning red shale occurs in the midst of a
thick deposit of clay which is well exhibited in the cut of the Baltimore
and Ohio Railroad, west of the station at Corinth, West Virginia, in the
Upper Youghiogheny basin. It has long been burned into bricks in the
vicinity. A similar deposit is found at this horizon at many places in
Maryland. It is known as the Thornton clay in West Virginia.

Corinth Sandstone.—A bed of sandstone is found a short distance
beneath the Brush Creek coal at many localities. It is well exhibited at
the eastern end of the railroad cut on the Baltimore and Ohio Railroad at
Corinth, West Virginia, from which place the name Corinth sandstone
is here proposed.

The term Mahoning sandstone was proposed by Rogers for the sand-
stonc overlying the Brush Creek coal * (White’s Buffalo sandstone), but
he appears to have used it for all the sandstones between this horizon and
the Upper Freeport coal. White subsequently proposed to restrict the
term to the sandstone between the Brush Creek coal and the Upper Free-

! White, I. C. Rept. on the Geology of Ohio, Brooke, and Hancock counties.
Geol. Survey of W. Va., 1906, p. xiii.
4 Geol. Survey Penn., vol. ii, pt. i, 1858, p. 477.
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port coal® and called the sandstone above the Brush Creck coal the
Buffalo sandstone. He later divided his Mahoning sandstone into an
upper and lower division.” White’s Lower Mahoning sandstone is itself
double, being divided in Maryland and adjacent parts of Pennsylvania
into two beds by a seam of coal. Over large areas it is very distinet from
his Upper Mahoning sandstone from which it is separated by a thick
shale interval. Again, the name Mahoning sandstone is best known to
coal operators for the bed immediately over the Upper Freeport coal.
These facts seem to the writer to render it desirable to recognize two
units, sepafated by shale, a local coal, and red beds. To the upper he
would apply the name Corinth sandstone and to the lower, more or less
continuous mass, the name Mahoning sandstone. The latter is divided
into an Upper and Lower Mahoning sandstone by the Piedmont coal.

Irondale Limestone.—A thin bed of limestone is found at some locali-
ties beneath the Brush Creek coal. This occupies the position of the
Irondale limestone of Pennsylvania. ’

Brush Creek Coal.—This coal occurs 100 to 120 feet above the base of
the Conemaugh formation. It rarely exceeds 16 inches in thickness and
usually contains a considerable amount of bone. It is thicker and purer
at some places, being 2 feet thick at Fricndsville where it has been worked
in a small way and exhibits the following scction:

Shale roof. Inches
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This coal has usually been called the Upper Kittanning in the Georges
Creek Valley and the Lower Freeport in the Upper Potomac basin. The
abundant marine fauna found above it shows that it is the Brush Creek
coal. Théugh thin and commercially unimportant at most places, it is a
very persistent and valuable key stratum.

Brush Creek Limestone and Shale.—The interval between the Brush
Creek coal and the Buffalo sandstone consists of shale and limestone, both
of which contains numerous marine organisms. The lower beds of shale

1 2d Geol. Survey Penn., vol. Q, 1878, p. 36.
2Bull. U. S. Geol. Survey No. 65, 1891, p. 95.
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are dark, somewhat earbonaceous, and richly fossiliferous, and bear at
many places small ferruginous concretions. Toward the top the beds
become lighter colored, more arenaceous, and sparingly fossiliferous.
Interbedded in the lower shale are some layers which contain such a pro-
fusion of organisms that they form lenticular beds of dark argillaceous
limestone. These fossils show that this is the same horizon as the Brush
Creek limestone of eastern Ohio, Pennsylvania, and West Virginia, one
of the most important key rocks of the Conemaugh formation.

Brush Creek Rider Coal.—A thin seam of coal has been observed at a
number of localities about 25 feet above the Brush Creck coal to which
the name Brush Creek rider coal is here given. It is without commercial
value.

Buffalo Sandstone.—This sandstone oceurs above the Brush Creck
limestone and shale. It is commonly very massive and forms bold ledges
at its outerop. It attains a maximum thiekness of nearly 50 feet, but,
like all of the sandstones of the coal measures, may be replaced locally by
shale, the changes oceuiring within short distances.

Meyersdale Red Shale.—A bed of red shale oceurs a short distance above
the top of the Buffalo sandstone at many places. It is deep-red, soft, and
breaks into small fragments. It may form two benehes, one above and
one below the Meyersdale limestone. This is a very persistent bed, being
found at many localities in Maryland. Tt is also the most conspicuous
bed of red shale found in fhe Lower Youghiogheny and Castleman
hasins in this state. A similar red shale oecurs at apparently the same
horizon, at many localities in the northern Appalachian basin, having
been observed in Ohio, Pennsylvania, and West Virginia. This bed is
finely exhibited in the cut of the Western Maryland Railway, east of
Meyersdale, Pennsylvania, from which locality the name of Meyersdale
red shale is proposed.

Meyersdale Limestone.—~A thin and impure limestone containing
marine organisms is associated with the Meyersdale red shale in the Lower
Youghiogheny basin. It may lie above, below, or within the Meyersdale
red shale. TIts relation to the Pine Creek limestone of western Pennsyl-
vania and the Cambridge limestone of eastern Ohio will be discussed in a
later chapter.

4
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Thomas Limestone.—A thin bed of fresh-water limestone is found in
the fire-clay beneath the Thomas coal at a few places in the Upper Potomac
basin. It is named the Thomas limestone from its position beneath the
Thomas coal.

Lower Bakerstown Coal—Thomas Coal (“ Three-Foot ” Coal, “ Honey-
comb ”” Coal).—Two, and in some cases three, beds of coal lie between the
Meyersdale red shale and the Saltsburg sandstone in Maryland, to which
the collective name Bakerstown coals is here applied. The lower seam
lies about 200 feet above the Davis (Upper Freeport) coal. It is a
valuable coal in the Upper Potomac basin where it is known as the Thomas
seam and is extensively mined. It is known locally as the “ Three-foot”
eoai, but reaches a thickness of nearly 7 feet at Thomas. It is split into
two beds in the Georges Creek and Upper Youghiogheny basins, sepa-
rated by a variable shale interval, the lower division being thin and
unimportant. The upper division is mined at various places in the
Georges Creek basin, especially in the southern part of the valley where
it is nearly 4 fect thick and is known locally as the “ Ginseng scam.” It
is a single seam in the Lower Youghiogheny and Castleman basins where
it is 18 inches to 3 feet thick and is an important coal.

The thickness and structurc of this coal are shown in the sections on
pages 161, 195, 213, 253, 264, 268, 271. Its composition is given in the
table of analyses, numbers 13, 20, 37, 45, 46.

The Thomas coal is commonly known as the Upper Freeport in the
Upper Potomac basin and as the Lower Freeport in the Georges Creek
basin. That its true position is far above these coals is shown by the
occurrence of the Brush Creek limestone with its distinctive marine fauna
beneath it, its true horizon being near that of the Bakerstown coal of
western Pennsylvania. It is known as the Honeycomb or Bakerstown coal
in the Castleman basin and-as the Bakerstown coal in the Lower Youghio-
gheny basin.

Thomas Sandstone.—A. sandstone of variable thickness is found above
the Thomas coal at places in the Upper Potomac basin replacing the
Friendsville shale. It is called the Thomas sandstone from its position
above the coal of the same name.
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Cambridge Shale and Fauna.—The Thomas coal is overlain by a-per-
sistent bed of black shales that contain numerous marine organisms in
the Lower Youghiogheny basin. " In the Georges Creek basin this bed
bears a few species of fossils that probably lived in brackish water. It
appears to occupy the horizon of the marine Cambridge limestone of Ohio
and of the Pine Creek limestone of western Pennsylvania and West
Virginia. The name, Friendsville shale, is from Friendsville, Garrett
County, where the beds are well exposed. The age of the fauna is dis-
cussed in the chapter upon the corrclation of the coals.

Cambridge Red Shale.—A bed of red shale for which the name Cam-
bridge red shale is here proposed is found above the horizon of the Cam-
bridge limestone. It occurs at many localities from Ohio to Maryland.

Albright Limestone.—A bed of impure argillaceous limestone is found
beneath the Upper Bakerstown (Maynadier) coal, which occupies the
position of the Albright limestone of West Virginia. It is without
marine organisms and was probably s, fresh-water deposit.

Upper Bakerstown Coal-—Maynadier Coal (“ Upper Freeport”” Coal
of Earlier Reports).—A thick bed of coal is found beneath the Saltsburg

sandstone to which the name Maynadicr coal was given in the Castleman
basin. It lies about 290 feet above the Davis scam and about 175 feet

above the Brush Creek scam. It attains a thickness of 3 to 4 feet and is
quite persistent. It usually bears a number of partings and is high in
ash so that it has not been mined upon a large scale in the past. Its
structure and thickness are shown in the section given on page 282. Its
composition is given in the table of analyses, number 14. This seam has
been called the Upper Frecport coal in the Georges Creek Valley.

Saltsburg Sandstone.—A heavy bed of sandstone is found about 300
fect above the base of the Conemaugh formation. It is coarse-grained,
locally conglomeratic, and attains a thickness of nearly 50 feet. It out-
crops in bold ledges. 'This sandstone has been called the Mahoning sand-
stone in the Georges Creck Valley, where the Upper Bakerstown (May-
nadier) coal was considered to be the Upper Freeport.

Unnamed Coal.—A thin seam of coal has been observed at two places
45 to 50 feet above the Upper Bakerstown (Maynadicr) coal to which no

name has been given.
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Pittsburgh Red Shale.—A very persistent bed of red or variegated
shale, known as the Pittsburgh red shale, lies between the Harlem eoal
and the Saltsburg sandstone. In the Georges Creek Valley the red color
usually appears as a mottling or in irregular patches in the shale, the
remainder of the material being greenish. The volume of the red material
inereases both southward and westward, so that the entire unit is bright
red at many places in West Virginia and Ohio. This bed weathers into
characteristie soft, erumbling, granular fragments and elay.

Ewing Limestone.—The Iarlem coal is underlain by an impure,
argillaceous limestone known as the Ewing limestone, from its occurrence
at Ewing, Ohio. The limestone forms nodular beds that break into
yellowish lumps upon exposure to the weather. It eontains numerous
minute, rounded particles, some of which may be poorly-preserved ostra-
cods. It attains a thickness of 4 feet.

Harlem Coal (“ Brush Creek ”” Coal in Part of Earlier Beports) .—This
seam lies 200 to 250 feet above the Brush Creek eoal. Though thin its
quality is good so that it is mined at many points for loeal use. The pre-
vailing thickness of the coal is 18 inches to 2 feet. It displays the follow-

ing sections at the mine of J. Pratt, § miles east of Mount Savage village.

Sections of Harlem Coal in Pratt Mine, near Mt. Savage, Md.
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The composition of this coal is given in the table of analyses, number
98. This seam has usually been known as the Brush Creek coal in the
Upper Potomac and in the Georges Creek basins, though near Mount
Savage, it was called the Crinoidal coal in the report on the Coals of Mary-
land. It is one of the most persistent coals of the Conemaugh formation

and is a valuable key stratum.
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Harlem Rider Coal.—This coal was found in a drill hole near Lord in
the Georges Creek Valley, 20 feet above the Harlem coal. It is thin and
without eommercial value.

Ames Limestone and Shale (“ Crinoidal Limestone ”).—The Harlem
coal is overlain, at most plaees, by dark, fine-grained, somewhat ear-
bonaceons shales, that weather into small, soft, irregularly-shaped frag-
ments. Numerous small, elongated, ferruginous coneretions are eom-
monly present. The shale becomes inereasingly lighter colored and
arenaceons above, where it grades.into the overlying sandstone. The
lower dark shales contain marine organisms, which are so abundant in
some beds that they form lenticular layers of dark argillae;eous limestone,
The limestone may be present at two horizons, a lower, a short distanee
above the IHarlem eoal, and an upper, 15 to 20 feet higher. The lime-
stone, ealled the Ames limestone, is probably even better known as the
“ Crinoidal limestone ” in western Pennsylvania and Ohio. Tt has becn
traeed over wide areas in the northern part of the Appalaehian eoal basin.
Both shale and limestone earry diagnostie speeies of fossil shells that
render this one of the most important key roeks of the Conemangh
formation.

Lower Grafton Sandstone.—A very persistent sandstone, that has been
named the Grafton sandstone from its occurrenee at Grafton, West
Virginia, lies above the Ames shale and limestone. This sandstone is
divided into two parts, in the Georges Creek Valley, by a thin but per-
sistent eoal. The lower division is here termed the Lower Grafton sand-
stone. In the Georges Creek Valley, where this bed is best displayed, it
consists charaeteristically of micaeeous, thin-bedded, greenish sandstone,
that breaks into smooth, thin, flat plates. It attains a thiekness of 25 to
30 fect.

Birmingham Red Shale.—A bed of red shale has been observed at a few
localities in the Upper Potomae basin about 75 feet above the Iarlem
eoal. It oeeupies the position of the Birmingham red shale at Pittsburgh.
Its preeise relation to the Federal ITill eoal is not known,

Federal I1ill Coal.—A thin but persistent seam of coal is found about
75 feet above the Harlem eoal at many localities which is here named the
Federal Hill eoal from its exposure in the eut of the Western Maryland
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Railway through the north end of the Federal Hill, near Barrelville." This
coal attains a thickness of 15 inches, but is without economic value in
Maryland. A seam has also been recognized at what appears to be the
same horizon in the Castleman basin west of Meyersdale, Pennsylvania,
and at other localities. It lies near the horizon of the West Milford coal
of West Virginia, though it is probably a different seam.

Upper Grafton Sandstone.—A very persistent and massive bed of sand-
stone, which is here called the Upper Grafton sandstone, is found about
100 fect above the Harlem coal. It is very resistant to weathering and
forms thick ledges and cliffs at many places, where it is a marked feature
of the topography. In the absence of the Federal Hill coal it unites with
the Lower Grafton sandstone to make a single unit.

Barton Coal (““ Four-Foot” Coal—" Bakerstown Coal,” in part, of
Earlier Reports).—A thick seam of coal occurs 100 to 120 feet above the
Harlem coal, which is called the Barton coal from its occurrence near
Barton in the Georges Creek Valley, where it is also known as the “ Four-
foot ” seam. This coal has its best development in the Georges Creek
Valley where it has a thickness of nearly 4 feet and is extensively mined.
Its structure and thickness are shown in the sections on pages 166, 197,
209, 226, 243, 265. Its composition is given in the table of analyses,
numbers 2, 18, 27, 44. This is the most important coal in the Cone-
maugh formation of Maryland. ‘

This coal was named the Barton coal by Stevenson.” It was subsec-
quently called the Bakerstown coal in the Georges Creek Valley. It
appears to be the seam commonly known as the Elklick coal in West
Virginia and western Pennsylvania, although, as shown elsewhere, it is
probably not the coal originally so named in Somerset County, Penn-
sylvania. i

Barton Rider Coal.—A thin seam of coal is found at places a few feet
above the Barton coal. It is without commercial value,

! This cut is situated west of Trotters Run and 1% miles southwest of Barrel
ville, in the Georges Creek basin.

2 Stevenson, J. J. 2d Geol. Survey, Pa., vol. KK, pp. 67-68, 1877. Stevenson
named this coal from Barton Maryland (private communication to author).
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Barton Sandstone.—A thick sandstone is found locally over the Barton
coal at Barton and elsewhere which is named the Barton sandstone from
its position.

Barton Red Shale.—Red shale was found above the Barton coal in drill
holes in the Potomac basin which is here named the Barton red shale.

Wellersburg Limestone—A limcstone is found locally beneath the
horizon of the Wellersburg coal to which the name Wellersburg limestone
is here applied.

Wellersburg Coal—" Twin ” Seam.—A thick seam of coal, to which the
name Wellersburg coal was applied by Lesley,’ is found at Wellersburg,
Pennsylvania, about 60 feet above the horizon of the Barton coal. This
seam is divided into two parts by a thick binder and hence is locally called
the “ twin seam.” The binder varies in thickness from 2 to 5 fecet. The
upper bed attains a thickness of about 3 feet, but contains much bone and
ash. The lower bed is of good quality and is mined for local use in the
vicinity of Wellersburg where it is 2 to 3 feet thick. This coal exhibits
the following structure on Cooks Hill near Wellersburg.

Section of Wellersburg Coal near Wellersburg, Pa.
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It is possible that this coal is the northern extension of the Barton coal.
It seems, however, more probable that it is a higher seam.

Wellersburg Eider Coal.—A thin scam of coal is found 25 feet above
the Wellersburg (“ Twin ”) coal at Wellersburg, Pennsylvania, where it
is about 12 inches thick. This coal occurs in shale which replaces the
Morgantown sandstone at this locality.

Morgantown Sandstone.—A bed of sandstone is found about 200 feet
above the Harlem coal which, when typically developed, is very massive
and locally conglomeratic. At some places it bears many hackle teeth,
similar to those found in the Mount Savage (Kittanning) sandstone. It
18 subject to considerable variation in character, however, and may be

1 Lesley, J. P. 2d Geol. Survey, Pa., Ann. Rept., 1885, p. 237, 1886.
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replaeed by shale. It attains a thiekness of 20 to 40 feet. The overlying
roeks tend to weather more rapidly thau those beneath this bed so that it
often forms the top of a well-marked bench above whieh the slopes are
gentle over wide areas. This sandstone occupies the position of the
Morgantown sandstone of West Virginia with which it is here correlated.

Clarksburg Red Shale (lower bench).—Red shale has been observed
above the Morgantown sandstone at a number of places in the Upper
Potomac basin, where it oecupies the position of the Clarksburg red
shale of West Virginia. It oecurs in two benches, the lower being below
the lower bench of the Clarksburg limestone and the upper probably below
the upper bench of the Clarksburg limestone.

Clarksburg Limestone (lower beneh).—Limestone is found a short dis-
tanee above the horizon of the Morgantown sandstone at many places. At
plaees it is represented by ealeareous nodules, elsewhere it may form a
‘thiek bed. At Wellersburg, Pennsylvania, in the northern part of the
Georges Creek basin, it is a compact limestone which is reported to attain
a thiekness of 30 feet and was formerly quarried for loeal use. This lime-
stone appears to occupy the position of the Clarksburg limestone of West
Virginia. - It occurs in two benches below the Clarysville coals.*

Lower Clarysville Coal.—Three beds of coal are found in the Georges
Creek Valley between the Morgantown and Wellershurg sandstones to
whieh the eolleetive name Clarysville eoals is here applied from the oecur-
renec of two of the seams in the Hoffman Drainage Tunnel near Clarys-
ville. All are local and without eommercial value.

The Lower Clarysville coal is well exposed near the base of the third
eut of the Western Maryland Railway east of Mount Savage village where
it exhibits the following section :
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Lower Clarksburg limestone.

This coal has been seen at a few other localities.

! Two limestones are found in analogous positions in the vicinity of Morgan-
town, West Virginia, where the lower has been called the Mona limestone and
the upper the Clarksburg limestone.
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Niverton Shale and Fauna.—A bed of dark to olive shales found at
various plaees in the Castleman basin above the lower bench of the Clarks-
burg limestone where it contains a great profusion of a new speeies of
Pleurophorous and a few Estheria ortoni. Tt is well-cxposed on the west
bank of the Castleman River 1.3 miles south of Niverton, Pennsylvania,
from which loeality it receives its name. ’

Upper Clarysville Coal.—This seam lies 277 feet below the Pittsburgh
seam in the Hoffman Drainage Tunnel where it is 15 inches thick.

Clarksburg Limestone (upper bench).—A bed of limestone lies below
the horizon of the Upper Clarysville eoals at a few localities whieh is here
called the upper bench of the Clarksburg limestone. It attains a thick-
ness of 5'to 6 feet. ‘

Clarysville Sandstone.—A thick sandstone about 250 feet beneath the
Pittsburgh coal is found at various loealities in the Georges Creek Valley.
Tt is usually thin-bedded and somewhat argillaceous and is loeally replaced
by shale. Tt is well exposed on the hilltop southwest of Wellersburg in
the northern part of the Georges Creek basin. It is also seen above the
Clarysville eoals in the Hoffman Drainage Tunnel at Clarysville from
which locality it receives its name.

Lower Iloffman Coal.—Two, and in a few cases three, beds of coal are
found in the Georges Creck Valley between the Wellersburg and Hoffman
sandstones. The upper and lower beds are found in the Hoffman Drain-
age Tunnel near Clarysville from which loeality the colleetive name of
Hoffman coals is here proposed for this group. The lower bed lies 237
feet beneath the Pittsburgh seam in the Hoffman Tunnel where it is 14
inches thick. It is also exposed in the cuts of the Western Maryland
Railway east of Mount Savage village.

Hoffman Limestone.—A limestone of variable thickness is found at a
number of localities in the Georges Creek Valley beneath the Middle Hoff-
man coal. Tt is named the Hoffman limestone because of its relation to
that bed.

Middle Hoffman Coal.—This bed has been observed at a few loecalities
in the Georges Creck Valley. It is seen overlying the Hoffman limestone
in the first cut of the Western Maryland Railway east of Mount Savage
village where it is 15 inches thick.
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Upper Hoffman Coal.—This is a thick but impurc seam of coal which is
found 200 to 220 feet beneath the Pittsburgh seam. Itis 52 inches thick
in the Hoffman Drainage Tunnel where it exhibits the following section:
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It is also well exposed on Cooks Hills, north of Wellersburg, Pennsyl-
vania, where it shows the following section:

Inches
(Clo] e S AP PP S B & & . 0 016 00 000 G 000 o G 8
ROCKAPATEINE. . i1e oo oo vt v voivooronoloee o s alsloolelils shore ool il 23
CORIY . o e 15 e <o e e s Tia 0 o oLe s o S s P 28

Hoﬁ‘man Sandstone.—A thick sandstone is found at various localities
in the Georges Creek Valley above the upper Hoffman coal for which the
namc Hoffman sandstone is here proposed, from its occurrence in the
Hoffman Drainage Tunnel: It attains a thickness of 20 to 30 feet.

Lonaconing Coal.—Two seams of coal are found 150 to 180 feet beneath
the Pittsburgh coal in the Georges Creek Valley where they have been
known as the Lonaconing coal. The lower bench lies 177 fect beneath the
Pittsburgh coal in the Hoffman Drainage Tunnel where it is 12 inches
thick. This is a thin and unimportant coal.

The upper bench of this coal lies about 150 feet beneath the Pittsburgh
coal in the Georges Creek Valley where it is reported to attain a thickness
of nearly 30 inches and has been mined for local use. It exhibits the
following section in the Hoffman Drainage Tunnel:
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Lonaconing Sandstone.—A thin-bedded sandstone is found locally be-
tween the Lonaconing and Franklin coals to which the name Lonaconing

sandstone is here applied. It is seen at various places along Georges
Creek south of Lonaconing.
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Franklin (“ Dirty Nine-Foot”) Coal.—A thick seam of coal is found
in the Georges Creek Valley 125 feet to 140 feet beneath the Pittsburgh
seam which has been called the Franklin coal from its occurrence at the
village of Franklin, near Westernport. It consists of several beds of coal
separatcd by carbonaceous shale and boné and attains a thickness of
nearly 9 feet in the southern part of the Georges Creek Valley where it is
popularly known as the “ Dirty Nine-Foot ” seam. It is 32 inches thick
in the Hoffman Drainage Tunnel. Its composition is given in the table
of analyses, number 9. This seam was called the Little Clarksburg coal
in the earlier reports of the Maryland Geological Survey.

Third Little Pitisburgh Coal or Franklin Rider Coal.—A seam of coal
has been observed 25 feet above the Franklin coal in the Hoffman Drain-
age Tunnel ncar Clarysville, where it is 14 inches thick. It may be
regarded as a rider of the Franklin coal or as a Third Little Pittsburgh
coal.

Connellsville Sandstone.—A massive sandstone is found 100 to 125 feet

below the Pittsburgh coal which occupied the position of the Connellsville
sandstone of Pennsylvania. It may be replaced more or less completely

by shale, in which event one or two coals, the Franklin Rider coal and
Second Little Pittsburgh coal, may be found within it. This sandstone is
a-conspicuous feature in the southern part of the Georges Creek Valley
where it attains a great thickness and outcrops in prominent ledges.

Second Little Pittsburgh Coal.—Two seams of coal are found in the
Georges Creek Valley 60 to 100 feet beneath the Pittsburgh coal which
are known as the Little Pittsburgh coals. The lower seam, known as the
Second Little Pittshurgh coal, is found in the Hoffman Drainage Tunnel
near Clarysville where it is 17 inches thick.

Lower Pittsburgh Limestone.—A thin bed of limestone is found locally
beneath the Little Pittsburgh coal which occupies the position of the
Lower Pittsburgh limestone of western Pennsylvania.

Little Pittsburgh Coal.—This coal is found at a number of places in the
Georges Creek Vallcy where it attains a thickness of 3 to 4 feet and is
mined locally. Its thickness and structure are shown in the section on

page 167. Its composition is given in the table of analyses, number 3.
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Lower Pittsburgh Sandstone.—A thick and prominent sandstone is
found 25 to 50 feet beneath the Pittsburgh seam at many localities to
which White has applicd the name of Lower Pittsburgh sandstone.'

Upper Pilisburgh Limestone.—A thin bed of limestone has been ob-
served in a drill hole near Carlos in the Georges Creek basin beneath the
Pittsburgh seam which occupies the position of the Upper Pittsburgh
limestone.

Morantown Coal.—An impure coal, usually double-bedded, is found
beneath the Pittsburgh scam at various places in the Georges Creek
Valley which is here called the Morantown coal from its occurrence near
Morantown, north of Frostburg. This coal attains a thickness of 4 feet
on the property of the Trimble heirs, near Morantown, south of Mouat
Savage, where it lies 5 to 7 feet beneath the Pittsburgh coal and exhibits

the following section:
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In the Hoffman Drainage Tunnel near Clarysville where the upper
bench lies 4.3 fect beneath the Pittsburgh seam, it exhibits the following
structure:
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Monongahela Formation

CHARACTER AND TH1ckNESS.—The Monongahela formation consists
chiefly of interbedded shales and sandstones, with a few beds of limestone.
The proportion of shale in it is larger than in the Conemaugh formation.
It bears coal beds of great importance, the Pittsburgh coal at its base -
being the most valuable deposit of the region. The formation has long
been known as the Upper Productive Coal Measures because of its rich
content of coal. The Monongahela formation receives its name from the

* White, 1. C., W. Va. Geol. Survey, vol. ii, 1903, p. 204.




MARYLAND GEOLOGICAL SURVEY 71

exposures on the Monongahela Rivey near Pittsburgh, Pennsylvania. TIts
thickness varies from 240 to 270 feet in Maryland.
MoxoNGAHELA-CoNEMAUGH BouNDARY.—The base of the Mononga-
hela formation is placed at the base of the Pittsburgh eoal.
MzenyBeRSs.—The stratigraphie sequenee of the members of the Monon-
gahela formation in Maryland is shown in the following table:

Top

Waynesburg coal—Koontz coal
Waynesburg limestone
Uniontown sandstone
Benwood llmestone
Upper Sewlckley sandstone
Upper Sewickley coal
Lower Sewickley sandstone
Lower Sewickley coal—Tyson coal (upper and lower benches)
Cedarville sandstone
Redstone coal (upper bench)
Redstone sandstone
‘Redstone coal (lower bench)
Upper Pittsburgh sandstone
Pittsburgh coal

Bottom

Clark and Martin published a deseription of the Coal Measures of

Maryland in 1902 in whieh they correlated the various members reeog-
nized by them in the Monongahela and overlying formations with the
divisions of the eoal measures of Pennsylvania and West Virginia.'
1. C. White subsequently suggested a different correlation, basing his
suggestions largely upon the thickness of the seetions in Maryland and
West Virginia.’

The relation of the two eorrelations is shown in the following table :

Clark and Martin 1902 1. C. White 1903
Washington coal Waynesburg coal
Waynesburg (Koontz) coal . Uniontown coal
Upper Sewickley coal Sewickley coal
Lower Sewickley coal Redstone coal
Redstone coal Pittsburgh roof coal
Pittsburgh coal Pittsburgh coal

! Clark, Wm. Bullock and Martin, G. C. Bull. Geol. Soc. Amer., 1902, vol. xiii,
pp. 226-232; Rept. on the Coals of Maryland, Md. Geol. Survey, 1905, vol. v,
pp. 312-314. {

* White, I. C. Coal Report. West Virginia Geol. Survey, 1903, vol. ii. pp. 145.
146.
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The correlation of the beds above.the Upper Sewickley has not been
investigated critically since the publication of the report of Clark and
Martin. The writer believes, with White, however, that the Monongahela
formation of Maryland is probably much thicker than was supposed by
former workers and that the Koontz coal is probably not the Waynesburg
coal of Pennsylvania. The area in which the beds above the Koontz coal
are preserved in Maryland is small and affords no good exposures. Until
a critical study of the fossil flora of the higher strata is made no confident
conclusions can be reached as to their true relations with the deposits of
Pennsylvania and West Virginia. Tt has seemed better therefore to retain
the correlations of Clark and Martin in this report pending further in-
vestigation of the strata above the Sewickley, rather than to introduce new
names which further study might compel us to change.

The description of the Pittsburgh coal and of the members above the
Tyson coals are based largely on the report of Clark and Martin.*

Pittsburgh (“ Big Vein,” “ Fourteen-Foot,” Elk Garden) Coal.—At
the base of the Monongahela formation is the seam of coal known locally
as the “ Big Vein” or “ Fourteen-foot” coal. This seam in itg strati-
graphic relations to the overlying and underlying beds corresponds exactly
to the Pittsburgh coal. The flora of the roof shales, as far as our present
knowledge goes, is the same; and Dr. I. C. White has pointed out the
identity of structure within the bed.

The various elements composing the seam are constant and charac-
teristic in number and relative position. The relative thickness of these
individual elements varies from place to place. From the Piftsburgh
region toward the southeast there is a gradual increase in the thickness
of the  breast” coal; which reaches & maximum in the southern end of
the Georges Creek basin, where the entire bed has been found in a single
locality to reach 22 feet in thickness. There is greater change within the
limits of the Georges Creek basin than there is between the central part
of the Georges Creek basin and the Pittsburgh region. This change con-
sists chiefly in an increase in the number and thickness of the shales at
the expense of the “ breast ”coal. This seam was called the Elk Garden
coal in the Piedmont folio of the U. S. Geological Survey and in the

! Clark, Wm. Bullock, and Martin, G. C., Md. Geol. Survey, vol. v, 1905, pp.
310-312,
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Report on the Geology of Allegany County. The name Pittsburgh coal
was applied to this seam by J. P. Lesley in 1856.

The structure of this seam is displayed in sections given on pages 162-
245. Its composition is given in the table of analyses, numbers 4, 5, 6,
01,

Upper Pittsburgh Sandstone.—The Pittsburgh coal is overlain at many
localities by a thick sandstone which occupies the position of the Upper
Pittsburgh sandstone of western Pennsylvania.

Redstone Coal.—~The Redstone coal is found in the Georges Creek
basin 20 to 50 feet above the base of the Pittsburgh coal. It consists of
two distinct benches separated by a lenticular deposit of shale and sand-
stone. The interval betwcen them is subject to marked changes in short
distances. When occupied by sandstone it may be as much as 40 feet. At
places the beds appear to unite to form a single seam consisting of several
benches separated by shale or thin sandstone partings and attaining a
thickness of 6 to 10 feet. The thickness of the separate coals varies from
1 to 3 feet. The upper has usually been called the Lower Sewickley in
the Georges Creek Valley, but is distinct from that coal, being separated
from it by the Sewickley limestone.!

The Redstone coal contains a large amount of ash and, where thick,
usually bears numerous partings so that it has not been mined extensively
in the past. It exhibits the following section in the Bowery Furnace mine
of the Brophy and Hitchens Coal Company at Midlothian :

Section of Redstone Coal at Midlothian
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11, C. White has suggested that the lower of these seams is to be identified
with the Pittsburgh roof coal of Western Pennsylvania. (Coal Report, West
Virginia Geol. Surv., 1903, vol. ii, pp. 145-146.) The author is much inclined
to agree with this suggestion. In this event the upper bed only would be the
Redstone coal.
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Redstone Sandstone.—The- sandstone separating the upper and lower
benehes of the Redstone coal is here named the Redstone sandstone. Its
maximum thickness is about 40 feet.

Cedarville Sandstone.—The Redstone coal is overlain by a sandstone
whieh has been named the Cedarville sandstone in West Virginia. It
attains a thiekness of 20 to 30 feet at some plaees.

Sewickley Limestone.—An impure limestone is found between the Red-
stone and Sewiekley coals which oceupies the position of the Sewiekley
limestone of western Pennsylvania. It attains a thiekness of 6 to 8 feet.
It was quarried at Midlothian and near Mount Savage for use in the iron
furnaces formerly situated at these points. It is a persistent bed in the
Georges Creek Valley and is an important guide to the position of the
Lower Sewickley eoal.

Lower Sewickley Coal—Tyson Coal.—Three seams of eoal are found in
the interval from 60 to 180 feet above the Pittsburgh coal to which the
. collective name Sewickley eoals is here applied. The lowest of these eoals
is known as the Tyson eoal in the Georges Creek basin where it is exten-
sively mined. The interval between the Lower Séwickley and Pittsburgh
coals is subject to remarkable variation, being about 70 feet at Midlothian,
80 feet in the Pumping Shaft south of Frostburg, and inereasing to 160
feet in Mine No. 10 of the Consolidation Coal Company, near Eeckhart.

This variation led to the belief that there are two Sewiekley coals, a lower

and an upper, which were thought to be situated about 80 feet and 120
feet respectively above the Pittsburgh seam, the Tyson being believed to
be the upper of these two eoals. The identity of the Tyson and the lower
of these seams is fully established by eontinuous workings in the same
bed at varying elevations, as seen in Mines 10 and 11 of the Consolidation
Coal Company near Frostburg. This eondition led also to the eonfusion of
the Upper Redstone with the Lower Sewickley eoal. The Upper Redstone
lies at many places about 80 feet above the Pittsburgh eoal and was henee
identified with the Lower Sewiekley. That it is distinet from the latter
coal is shown by the occurrence of a limestone between them whieh ean be
followed throughout the field. The Lower Sewickley is double bedded,
eonsisting of a main lower bed with a split (rider) at many places. It
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would thus appear that there are five coals lying within the interval under
discussion—two Redstone and three Sewickley coals. The two Redstone
coals appear to consolidate locally to make one seam. It is possible that
the Sewickley coals may unite in a similar manner to make a single eoal
in the southern part of the Georges Creck Valley.

The variation in intervals between the Pittsburgh and Lower Sewiekley
coals appears to be related to the thiekness of the sediments separating
the two divisions of the Redstone coal. When the deposits are thin the
Redstone may form a single thick seam as at the Pumping Shaft and at
Midlothian and the interval between the Pittsburgh and Lower Sewiekley
coals is small. When the deposits between the divisions of the Redstonc
are thiek, the Redstone coals appear to be thin and the interval between
the Pittsburgh and Lower Sewiekley large. In other words, an inerease
in the interval between the Pittsburgh and upper benech of Redstone is
associated with an increase in the interval between the Pittsburgh and
Lower Sewickley coals.

The relative positions of the beds is shown in the following table:

Upper Sewickley or Borden upper bench

PRIy d0MK . ... ... JLLower Sewickley or Tyson coal | lower bench

Sewickley limestone

( Upper bench of Redstone
Redstone coal ............ Redstone sandstone
Lower bench of Redstone

Pittsburgh Coal

The Lower Sewickley coal, though of small areal extent, is one of the
most valuable of the smaller coals of the Georges Creek basin. Its thick-
uess Is commonly 23 and 3} feet. Typical scetions are given on pages
165-222, and analyses are given in the table of analyses, numbers 8, 10,
16, 22, 26.

Lower Sewickley Sandstone.—This is a thin sandstone of variable
thickness found locally above the Lower Sewickley coal.

Upper Sewickley Coal (Borden)—This coal is found at a few locali-
ties in the Georges Creek Valley about 120 feet above the Pittsburg
seam. It is not the Tyson coal which was called the Upper Sewickley in

6
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the former report of the Maryland Geological Survey, but is a higher coal,
as is seen at the Pumping Shaft, south of Frostburg, where the mineable
Tyson lies 46 feet beneath it. But little is known of the extent of this -
coal. It displays the following section in the Borden Pumping Shaft:
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Upper Sewickley Sandstone.—A sandstone is found at places between
the Sewickley and Uniontown coals which occupies the position of the
Sewickley sandstonc of western Pennsylvania and which is here called the
Upper Sewickley sandstone. It attains a thickness of 15 feet.

Benwood Limestone.—A limestone is found at a few places in the
Georges Creek Valley replacing the Upper Sewickley sandstone. It
occupies the position of the Benwood limestone of West Virginia. It is
6 feet thick near Borden Shaft.

Uniontown Coal.—A thin coal is found in the Pumping Shaft section
near Frostburg, about 60 feet above the Upper Sewickley coal and close
to the top of the Scwickley sandstone. It was thought by Clark and
Martin to correspond in position and character to the Uniontown coal of
Pennsylvania.

Uniontown Sandstone.—A short distance above the Uniontown coal,
in the Pumping Shaft section, there is a thin sandstone which is probably
the Uniontown sandstone.

Waynesburg Limestone.—A limestone occurs a short distance above
the Uniontown limestone and from 20 to 30 feet below the top of the
formation which corresponds in its stratigraphic position to the Waynes-
burg limestone of Pennsylvania and West Virginia.

Waynesburg Coal (Koontz Coal).—Thereis a very persistent coal seam,
of considerable economic importance, that may occur anywhere in the
interval up to 20 feet above the top of the Waynesburg limestone. From
its position, 230 to 250 feet above the base of the Monongahela formation,
and in its regular stratigraphic sequence, it was regarded by Clark and
Martin as the Waynesburg coal. In the Report on the Geology of Alle-
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gany County it was named the Koontz coal, from its occurrence at the
mining village of that name near Lonaconing. The roof of the Waynes-
hurg coal is the top of the Monongahela formation.

The analysis is given in the table of analyses, number 15.

PERMIAN SYSTEM

The Permian rocks of Maryland do not differ in any essential respcet
from those of the underlying Carboniferous system, so that it is not
possible to draw any well-defined lithological line of division betwcen
them in this region. The discrimination of this system in the Appa-
lachian region is based upon the differences in the character of the fossil
plants which show that the strata are of the age of the Permian deposits
in Europe.

I. C. White * named the Permian rocks of southwestern Pennsylvania
the Dunkard Creek series. They have sinee been divided into two forma-
tions. The uppcr of these, consisting largely of shale and sandstonc and
containing but little coal has been called the Greene formation from
Greene County, Pennsylvania. The lower division eontaining a number
of beds of limestone and several coal seams has been called the Washington
formation, from Washington County, Pennsylvania. The Permian rocks
of Maryland were called the Dunkard formation in the more recent reports

of the Maryland Geological Survey. They were earlier named the Frost-
burg formation.

The Permian rocks of Maryland are less than 400 fect thick, while
those of southwestern Pennsylvania are ncarly 1500 feet thick. It is
hence manifest that but a small portion of the Permian strata of the
Appalachian province is represented in Maryland, the upper beds having
probably been removed by erosion.

Washington Formation
CHARACTER AND THICKNESS.—The Washington formation consists of
interbedded shale, sandstone, thin beds of limestone, and several seams of
eoal. This formation has a maximum thiekness of 300 feet in Maryland.

* Bull. U. S. Geol. Survey, No. 65, 1891, p. 20.
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The most important section is exposed near the Borden Shaft in the
Georges Creek Valley.
WasniNgroN-MoNoNGAHELA Bouxpary.—The base of the Washing-
ton formation is placed at the top of the Waynesburg coal (Koontz coal).
MEeumBERs.—The stratigraphie sequenee of the members of the Wash-
ington formation in Maryland is shown in.the following table:

- Upper Washington limestone
Unnamed limestone
Unnamed limestone
Washington coal
Waynesburg A coal
Waynesburg sandstone

The stratigraphy of the Permian roeks of Maryland has not been inves-
tigated in detail sinee the publication of the report on the Coals of Mary-
land in 1905, in whieh various divisions were deseribed by Wm. Bulloek
Clark and G. C. Martin. The following description of the members is
quoted, in part, from that report’: :

Waynesburg Sandstone.—A sandstone of no very great prominence
oceurs a short distance above the Wayneshurg coal. It probably rcpre-
sents the Waynesburg sandstone, since its stratigraphie position is the
same. ;

Waynesburg “ A Coal—A thin coal which corresponds in position
to the Waynesburg “ A ” eoal of Peﬁnsylvania and West Virginia is found
on top of the Waynesburg sandstone, and about 45 fecet above the Waynes-
burg eoal. 3

Washington Coal.—About 75 fect above the Waynesburg “ A ” coal,
and separated from it by an interval eonsisting in'Maryland apparently
of shales and lifnestoncs, is a seam of eoal whose eharacter is not well
known.. The thickness of this coal is about 33 feet and its quality is not
known. This coal eorresponds in position to the Washington eoal of
Pennsylvania.

Unnamed Limestone.—Two thin beds of limestone have been observed
1 foot and 120 feet respectively above the Washington coal to which no
names have been given.

* Clark, Wm. Bullock, and Martin, G. C. Md. Geol. Survey, vol. 5, 1905, p. 314.
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Upper Washington Limestone.—A bed of limestone approximately 4
feet in thickness oceurs about 170 feet above the Washington coal. It is
approximately in the position of the Upper Washington limestone of
Pennsylvania.

Greene Formation

Craracrer AND TrickNEss.—The Greene formation of Maryland does
not differ essentially from the underlying Washington formation, consist-
ing, like it, of interbeded shale and sandstone with a single bed of lime-
stone and coal. The lower strata of this division only are found in Mary-
land where its thickness is only 90 feet. The beds are restricted to a
single locality near Borden Shaft.

GREENE-WasHINGTON BouNparY.—This boundary is placed at the
upper surface of the Upper Washington limestone in harmony with the
horizon seleeted in Pennsylvania.

MemBERs.—The stratigraphic sequence of the members in this forma-
tion in Maryland is shown in the following table:

Unnamed sandstone.
Jollytown limestone
Jollytown coal

The following description of these members is ‘given by Wm. Bullock
(lark and G. C. Martin.! ‘

Jollytown Coal.—A thin seam of coal is found about 25 feet above the
outerop of the Upper Washington limestone. Tt is apparently in the
stratigraphic position of the Jollytown coal of Greene County, Penn-
sylvania. :

Jollytown Limestone.—A limestone of 10 to 15 feet in thickness is
found about 15 feet above the Jollytown coal. It is in the position of the
Jollytown limestone of Pennsylvania.

Unnamed Sandstone.—Above this limestone there are no good ex-
posures, and not more than 50 feet of strata are preserved in Maryland.
The highest bed is a sandstone which caps the hill east of Borden Shaft.

* Clark, Wm. Bullock, and Martin, G. C. Md. Geol. Survey, vol. v, 1905, p. 314.






CORRELATION OF THE COAL MEASURES
OF MARYLAND

BY
CHARLES K. SWARTZ

The coal measurcs of the northern Appalachian province have been
divided into formations and these in turn into numerous members, each
of whieh has reeeived a name from some locality where it is well exposed.
Many of the divisions were established by the geologists of the Pennsyl-
vania Geological Survey, so that the names employed are derived in many
eases from loealities in that State.

In traeing the beds from the regions in whieh they were early studied
into other areas, it is neeessary to determine the relative ages of the strata
of various places, a process known as the eorrelation of the beds.

The extreme variability of the beds of the eoal measures renders such
correlation very difficult. Most of the strata were laid down upon land sur-

faces in swamps, streams, and lagoons. The character of the deposits may
change within short distances, sandstone passing into shale, and shale into
other types of sediments so that it is difficult to find persistent features
in beds so variable. Again, the Carboniferous strata have been subdivided,
because of their eommercial importance, into a much larger number of
units than is usual, even in the more persistent and less variable marine
deposits. Indeed, the extent of the subdivision has, in many eases, ex-
eeeded the aceuracy with which the work has been attempted and the
Preeision of the criteria used, thereby rendering the correlations insecure.

It will, therefore, be helpful to preeede the consideration of the age of

these strata in Maryland by a brief diseussion of the eriteria employed in
the eorrelation of eoal measures.
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CRITERIA OF CORRELATION

The following afford the most valuable means of correlating Carbon-
iferous strata of the types found in Maryland: fossil organisms; the
lithology of the beds; the intervals between the strata; the sequence of
deposits and organisms ; systematic variations in the character and thick-
ness of the strata; unconformities and other evidences of earth move-
ments; certain other criteria. Kach of these will be briefly considered.

Fossin OreaNISMS

Fossil organisms afford the best known means of recognizing a given
stratum and tracing it from place to place. The organisms may be of two
kinds—animals and plants, the animal forms living together being known
collectively as faunas, while plants so associated are termed floras.

Faunas—Large numbers of marine organising arc found in certain
Carboniferous strata, some of which are restricted to particular beds, so
that the strata containing them arc readily recognizable. Such faunas
have afforded the best known means of correlating the coal measures in
the past. - The fossils are found chiefly in limestone though they occur
less abundantly in shales associated with the limestones. The most
important strata containing marine organisms are the Ames or Crinoidal
limestone, the Cambridge or Pine Creek limestone, the Brush Creek lime-
stone, and the Vanport or Ferriferous limestone. All of these beds, save
the last, have been traced from Ohio, through western Pennsylvania and
West Virginia, into Maryland. There are in addition several other less
important though significant zones.

Froras.—Numerous and often beautifully preserved plant fossils are
found in the rocks. Thesc organisms, however, have not becn as well
known in the Appalachian coal fields as the marine forms and hence have
not been used as extensively as the latter in correlation of the beds of this
area. Increasing knowledge of the fossil plants is rendering them a most

valuable means of correlation.
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Lirmorogic CRITERIA

The character of the rocks affords a second means of correlation ; the
most valuable lithological features for this purpose being those displayed
by coal scams, sandstones, red beds, and limestones.

Litroroey oF CoAr Seams.—It has often been assumed that coal
seams exist in continuous sheets over great arcas, so that it has been
thought possible to recognize even thin beds in many states. The writer
believes that the coal seams are, in general, lenticular and limited. While
a few beds, such as the Pittsburgh coal, may have originally covered great
areas it is belicved that many are local and were laid down in swamps of
limited extent. There may, however, have been periods when the swamps
flourished at numerous places in a large region, alternating with times
when conditions were less favorable for the growth of vegetation. The
coal beds were laid down on comparatively flat surfaces, and hence possess
a rude synchronism. The assumption, however, that they are continuous
shects laid down over great areas eannot but lead to error in many cascs.

In a similar manner it has been assumed by some that the structure and
composition of the seams remain ncarly constant and hence may be em-
ployed in correlating seams at widely separated points. It is believed
that, although these features may be traced over considerable areas in
some beds, they are on the whole loéal and must be used with great
caution. Reliance upon these features alone in correlating beds at distant
points cannot but lead to grave error.

Lirmorogy or SanpsTones.—The same remarks apply with much
greater force to sandstones and their associated shales. They were prob-
ably deposited by the action of streams or by local agencies and lience are
subject to rapid variation in thickness and character within short dis-
tances. When employed with proper rescrve they are a valuable means
of correlation, but to rest.conelusions upon their occurrence and character
at widely separated points is unsafe. It is remarkable that sediments so
variable should possess even the measure of constancy they do display.
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Liraoroay oF RED BEDs.—The occurrence of red beds in certain parts
of the section is significant. While observation shows that they are
lenticular and variable, they nevertheless possess a very considerable
stratigraphic value, b‘eing probably significant of climatic conditions. It
is believed that they can be used for correlation much more extensively
than they have been in the past.

LiTEoL0GY oF LiMEsTONES.—Limestones containing marine organisms
have the greatest value in correlating the strata, as has been shown above.
Non-marine limestones are also very important. They are, however, sub-
ject to much more variation than those containing marine organisms and
hence are much less significant than the latter.

INTERVALS

It has long been recognized that many coal beds are approximately
parallel over considerable areas, throughout which they are separated by
rather constant distances. The intervals between the seams is a valuable
aid in the recognition of the beds, provided that due caution is employed
in their use. They are, however, subject to considerable local variation
as shown in the discussion of the Redstone and Sewickley coals in this
report. Recent work has shown that the number of coal seams is much
larger in some regions* than has been formerly supposed, so that distine-
tions based upon the intervals must be employed with caution in corre-
lating the beds. The assumption of constant intervals between the seams

throughout a very large region is manifestly unsafe.

SEQUENCE oF DEPO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>